Substandard and falsified medicine screening technologies are invaluable tools for post-marketing surveillance of medicine quality, particularly in low-and middle-income countries. National Regulatory Authorities and their partners leverage screening technologies to detect substandard and falsified medicines in the field and eliminate them from the medical product supply chain. An arsenal of different screening technologies has been developed to evaluate a variety of medicine quality attributes and performance characteristics, applying visual, physical and chemical analyses. Selecting the most effective screening technologies for a given quality challenge requires consideration of several practical, technical, and scientific factors, such as the type of medicines screened, the requirements of the screening technology, and the type of information needed. More widespread adoption of screening technologies will be facilitated by improved workforce development, technological advancements, and the development of a more robust supporting regulatory framework.
Introduction
The proliferation of substandard and falsified (SF) medicines is a significant global concern, particularly in lowand middle-income countries (LMICs) where supply chain security is limited (Gostin and Buckley 2013; WHO 2017c) . A lack of resources allocated to routine quality control (QC) amplifies the challenge of combating these products in LMICs as compared to high-income countries. The World Health Organization (WHO) estimates 10.5% of medicines are SF (WHO 2017c) . SF medicines waste resources and are linked to increases in treatment failure, adverse reactions, antimicrobial resistance, and diminished confidence in the health system (Johnston and Holt 2014; Kaur et al. 2016; Nayyar et al. 2015; Safe, Secure, and Controlled: Managing the Supply Chain of Antimicrobials 2015; WHO 2017b).
Substandard medicines are authentic products that fail to meet either their quality standards or specifications whereas falsified medicines are inauthentic products that deliberately misrepresent their identity, composition, or source (WHO 2017b) . Substandard medicines are often a consequence of manufacturing errors, inadequate storage, or poor distribution practices. Falsified medicines are generally produced deliberately for economic exploitation. It should be noted it may not be apparent from analytical results alone whether the determined quality deviations of an SF medicine were manufactured deliberately or arose from errors or neglect. The drug substance (or active pharmaceutical ingredient) of a substandard or falsified medicine may be absent, present in insufficient amounts, or substituted with a different drug substance. Sophisticated falsified medicines may incorporate cutting agents to dilute the strength of the claimed drug substance using a different chemical of related structure. The most blatant falsified medicines conceal their identity using the authentic packaging of the targeted product.
Screening technologies (STs) are used to rapidly detect SF medicines in the field and employ significantly less resources than those of traditional QC confirmatory technologies. The equipment associated with ST can be described as "portable", able to be transported by vehicle, or "handheld", able to be held by hand. A given ST may leverage a number of tools to help an analyst make a determination. A complete description of an ST will include the analysis type(s), principle study(s) (e.g., spectroscopy), technique(s) (e.g., Raman), method(s) [e.g., sample preparation schemes, identification (ID) metric, and acceptance criteria], and equipment (e.g., 785 nm diode laser with dispersive spectrometer). Although the operation of ST equipment is simple, effective application, method development and validation, and deployment within a regulatory system and the broader medical product supply chain requires consideration of several factors.
Employing STs is a critical component of the broader post-marketing surveillance (PMS) strategies implemented by National Regulatory Authorities (NRAs) and their partners to monitor the quality of medicines (Newton et al. 2018; Nkansah et al. 2017; Roth et al. 2018b ). When applied successfully, STs significantly increase the number of samples that can be tested and reduce the number of samples requiring more resource intensive confirmatory testing at the National Quality Control Laboratory (Hajjou et al. 2013) . Successful implementation of STs has benefited from collaborative efforts between NRAs, donors, and technical partners, e.g., the Asian Development Bank, the United Nations Development Programme, the U.S. Agency for International Development, the Lao Oxford Mahosot Wellcome Trust Research Unit, the U.S. Pharmacopeia (USP), and the WHO (Newton et al. 2018; PQM 2017; WHO 2015; WHO 2017a) .
Analysis types
There are three ST analysis types: visual, physical, and chemical, listed here in order of increasing sophistication. Visual analysis may include inspection of packaging integrity, labeling, dosage units, and or various product security features e.g., holograms and microprinting. Physical analysis may involve the evaluation of the disintegration and or dissolution performance and may also employ microscopy, refractometry, and or refractive index measurements. Chemical analysis may include the application of, for example, spectroscopy, spectrometry, chromatography, and or wet chemistry. Although employing all three analysis types improves the confidence of detecting an SF medicine, chemical analysis offers the most direct supporting evidence. However, compared to the other analysis types, chemical analysis, with the exception of wet chemistry, often requires more consideration by the analyst to implement effectively.
Method development and validation considerations
Like any analytical method, screening methods for SF medicines, and particularly those that employ chemical analysis, benefit from a rigorous method development and validation strategy. To expand on the importance of method development and validation in screening, a comprehensive description of this process is described in Fig. 1 . When the performance of a screening ID method is fully evaluated, through a comprehensive validation process, accurate conclusions can be drawn from the data.
Notable techniques for substandard and falsified medicine detection Vibrational spectroscopy Vibrational spectroscopy encompasses three different techniques; mid-infrared (IR), near-IR (NIR) and Raman spectroscopy, each of which probe the vibrational structure of samples. Vibrational spectra are plots of photon intensity versus energy, with peak positions indicative of chemical bond energies. Each technique provides complementary information and thus can be used in combination to improve screening performance. A number of considerations should be taken into account when selecting the most effective technique, such as interferences, composition ranges, and relative component response. Vibrational spectra may also provide quantitative information with limits of detection reported as low as 1-3% (Kauffman et al. 2010; Kovacs et al. 2014) . All techniques are non-destructive and minimally invasive, enabling rapid analysis of products as-is. Vibrational spectroscopic instruments can be rapidly calibrated using reference materials, enabling the transfer of data and related ID methods between instruments. Such instruments are often outfitted with onboard data analysis capabilities, enabling the analyst to make objective ID decisions. The entire process of sample preparation, data collection, and data analysis can take less than 1 min. Figure 2 provides an expanded discussion of vibrational spectroscopy data analysis and the application of chemometrics.
Infrared spectroscopy IR instruments measure the absorption of IR radiation. IR spectroscopy is most sensitive to polar bonds, lending this technique most responsive to functional groups. All IR instruments employ diamond attenuated total reflection (ATR) due to its robustness and ease-of-use. By pressing the sample material against the diamond ATR element (note: liquid samples may simply rest on the ATR element), the IR probe beam penetrates the surface~1-5 μm. This low penetration depth enables as-is sample analysis without the requirement for sample dilution as is the case for other IR techniques. The low penetration depth of IR instrumentation inhibits through package (coatings, capsules, or blister packs) analysis. In general, tablets and capsule dosage forms must be transformed into fine powders to generate reproducible measurements. Powders are more suitable for IR analysis as rigid samples introduce variations in the amount of pressure that can be applied across the ATR element surface, creating signal intensity variations. The very strong IR absorption of water may also interfere with IR data analysis.
Near infrared spectroscopy NIR instruments measure the absorption of NIR radiation diffusely reflected from samples. All NIR instruments employ a 180 o data collection orientation with contact generally occurring between the sample and device window (typically made of sapphire). NIR radiation probes the combination and overtone vibrations of the fundamental modes probed by IR and, as a result, NIR signal is much weaker and less resolved compared to IR. The NIR penetration depth for solid dosage form medicines can extend~1-5 mm, enabling a more representative bulk evaluation of the medicine composition than IR or Raman. The larger penetration depth and lower absorption of NIR radiation compared to IR also enables through-package analysis. Unlike IR and Raman, the signal measured by NIR instrumentation is strongly dependent on the particle size and packing density of the sample. Accounting for sample preparation variations may require extensive preprocessing for raw NIR data. Compared to IR and Raman, NIR spectra often lack distinctive features and to compensate for this inherent lack of selectivity, a modeled based ID algorithm is often required to achieve the desired level of method performance (Neospectra 2019; Shimadzu 2019).
Raman spectroscopy Raman instruments measure the light scattered inelastically from excited chemical species.
Complementing the chemical information provided by IR and NIR, Raman signal is most intense for nonpolar bonds. The preference of Raman emission from nonpolar bonds enables analysis in the presence of water, unlike IR and NIR. Raman instruments generally collect spectra in a Fig. 1 Screening identification method validation (A more detailed description of screening ID methods can be in Chemical Identification and its Quality Assurance (Milman 2011)) stand-off, 180 o backscattering configuration, enabling rapid noncontact sample analysis which is not possible with IR and more challenging with NIR. Raman analysis is most effective when sample fluorescence is minimal, as the fluorescence process can interfere significantly, resulting in a broad elevated baseline that can mask the Raman signal. To minimize potential fluorescence, Raman instruments are equipped with NIR excitation sources, e.g., lasers with wavelengths at 785 or 1064 nm. Raman instruments, like NIR and unlike IR, can collect data through visibly translucent packaging. Raman is considered a "non-background" technique as spectra are not background subtracted (although subtraction of a blank spectrum may be employed to reduce stray light). The non-background capability of Raman data collection is particularly beneficial when the sample does not completely consume the probe beam. Consuming the probe beam is not generally an issue with IR equipment as the spot size is quite small: however, in the case of NIR equipment, a white or black background material is often required when the probe beam is not completely consumed by the sample (Table 1) .
X-ray fluorescence spectroscopy X-ray fluorescence (XRF) spectroscopy employs high energy X-rays to generate fluorescence representative of the inner electronic energy levels of atomic species. The fluorescent emission from medicines can be used to determine their elemental composition (Bruker 2016; Rodriguez et al. 2014) . In some cases, XRF spectra may Rodriguez et al. (2014) , Shimadzu (2019) and Zou et al. (2018) be used to identify coating agents and certain excipients near the surface of a medicine. The sensitivity of XRF methods increase as the atomic number of the analyte increases with heavy metals exhibiting a particularly strong response (Bortoleto et al. 2005; Kauffman et al. 2007 ). Both portable and handheld XRF spectrometers are commercially available. Analysis times are generally under 1 min (Zou et al. 2018) . XRF is non-destructive and although both X-rays and gamma rays can be used to generate XRF spectra, for user safety, portable instruments typically limit excitation to X-rays (Rodriguez et al. 2014) . Field use often centers on ID applications although semi-quantitative and quantitative analysis is possible (Bruker 2017) . Two commercially available handheld XRFs (the Thermo Scientific Niton XL3t and the Shimadzu EDX 700) have been used in the field to detect falsified medicines that target three combination antiretroviral tablets. (Ortiz et al. 2012; WHO 2013) . Due to weak XRF response from organic material, the ID of many drug substances is challenging (Ortiz et al. 2012; Rodriguez et al. 2014 ).
X-ray diffraction spectroscopy
X-ray diffraction (XRD) spectroscopy evaluates crystal structures. By measuring the intensity patterns of scattered monochromatic X-rays, the interatomic spacing between chemical bonds can be determined (Kohli and Mittal 2012) . These crystal structures can identify drug substances and their various polymorphs as well as medicine coatings and excipient profiles (Gostin and Buckley 2013; Martino et al. 2010; Zou et al. 2018 ). The only XRD spectrometer commercially available, is the Terra Portable (Olympus Corp). XRD techniques can identify the drug substance but, because of interference from coatings and surface roughness, successful ID generally requires homogenizing the sample (Martino et al. 2010) . XRD spectroscopy methods lack sensitivity and is not quantitative (Maurin et al. 2007 ). Because of the poor performance of this technique and its limited availability, XRD is seldom used for the detection of SF medicines.
Ion mobility spectrometry
Ion mobility spectrometry (IMS) is a separation method used to identify volatile and semi-volatile organic compounds based on differences in gas phase ion mobility. Ion mobility is facilitated by a voltage gradient through a drift tube with detection provided by a Faraday plate. Ion mobility is dependent on the ion size, shape, and charge (Rodriguez 2017; Rodriguez et al. 2014 ). An internal calibrant is used to correct for day-to-day and instrument-to-instrument variations (Rodriguez et al. 2014) . Because of high proton affinities, amines, a common functional group in many drug substances, provide a strong IMS response and detection limits have been demonstrated at the nanogram level (Kauffman et al. 2010; Rodriguez et al. 2014) . Although both portable and handheld IMS instruments are commercially available, most studies have been performed with portable rather than handheld instruments. Portable instruments have been used to identify amine-containing drug substances, such as sibutramine, and several erectile dysfunction drug substances in dietary supplements (Gryniewicz et al. 2009; Rodriguez et al. 2014; Safe, Secure, and Controlled: Managing the Supply Chain of Antimicrobials 2015). Like other separation techniques, such as chromatography, IMS sample preparation requires an extraction step. Furthermore, current instruments are limited to identifying small volatile molecules (Rodriguez 2017) .
Notable equipment for substandard and falsified medicine detection Counterfeit detection device: employing multi-spectral imaging
The Counterfeit Detection Device (CDx) was originally developed by the U.S. Food and Drug Administration (FDA). CD5 (Version 5) is a portable multi-spectral imaging tool for analyzing a wide variety of materials but will focus on the detection of SF medicines (Ranieri 2018) . The CD5 uses high-intensity light emitting diodes (LEDs) of ultraviolet-visible (UV) and IR wavelengths to excite samples. The system combines a digital camera and multiple detection filters with this combination of light sources to reveal sample characteristics which are not visible under normal viewing conditions. The CD5 leverages differences in the fluorescence arising from the coating and packaging of SF medicines when compared with reference samples. The CD5 utilizes a 7-in. touch screen to display images of test samples and reference samples side-by-side for easy comparison and can store libraries of images. A digital microscope is incorporated in some configurations to examine medicine morphology and the details of package printing (Ranieri et al. 2014 ). The first prototypes were delivered for initial evaluation by the U.S. FDA in mid-2018. The device is expected to be commercially available as early as the end of 2019 and is currently being enhanced based on user feedback.
Counterfeit drug identifier: employing multi-wavelength absorption
The counterfeit drug identifier (CoDI) is a handheld instrument that measures the amount of light passing through a tablet exposed to a laser. The intensity and wavelength of the transmitted light results in a unique value, which depends on the physicochemical characteristics of the sample (i.e., thickness, density, color and chemical composition of particular brands of medicine). A falsified or degraded medicine can be quickly identified if the values are outside a specified range. Analysis is also non-destructive. Although prototypes are being evaluated, the instrument is not yet commercially available (Green 2018; Green et al. 2015) .
GPHF-Minilab™: employing chromatography and disintegration
The GPHF-Minilab™ or, as it is commonly known, Minilab, is a laboratory kit developed by the Global Pharma Health Fund (GPHF). Minilab can analyze 90 different drug substances in multiple dosage forms and GPHF has developed approximately five new methods each year since the kit's inception in 2008. Minilab can be used for chemical and physical analysis, employing thin layer chromatography (TLC) and disintegration techniques, respectively. Minilab has been used extensively for PMS around the world and has been supplied to 97 countries (Batson et al. 2016; Fadeyi et al. 2015; GPHF 2019; Kaale et al. 2016; Lalani et al. 2015; Petersen et al. 2017) . TLC is a semi-quantitative technique that separates components in a sample according to differences in polarity, as the components interact between mobile and stationary phases. Quantification of TLC data is typically performed by visually comparing the size and intensity of the spot arising from the sample solution eluted drug substance with that of the external standard solution drug substance spot of an external standard solution prepared at specific percentages of the nominal concentration. While TLC can be employed for confirmatory testing, the Minilab tests are not as accurate, precise, or sensitive as confirmatory testing and do not comply with compendial standards. Minilab methods typically use reference standard solutions at 80% and 100% of the nominal concentration but these percentages can be changed depending on user requirements (see Fig. 3 ). Confidence in the quantification of TLC data may be compromised if spots are large or diffuse, or if significant tailing is present. An estimate of the number of impurities is obtained by comparing the number of spots in the sample with the number of spots in the standard.
The performance of Minilab methods have produced mixed results. Minilab TLC analysis has demonstrated insufficient sensitivity in some cases to detect impurities when present at levels above specification limits (Fadeyi et al. 2015; Jaehnke 2008; Jaehnke 2017; Sabartova et al. 2011) . Another study showed Minilab lacked sufficient selectivity as it was unable to distinguish between sulfadoxine and sulfamethoxazole (Khuluza et al. 2016) . A recent study looking at the identity and composition of various antimalarials found sufficient sensitivity was achieved using the Minilab TLC method as it correctly detected 11 of the 14 substandard medicines. The remaining three substandard medicines were missed because of the semi-quantitative limit of the method and operator error (Batson et al. 2016) . Minilab has been shown to successfully detect falsified medicines containing incorrect drug substances (IDDO 2018; Khuluza et al. 2016; Vickers et al. 2018 ). Disintegration time is an indirect measure of drug substance release that can be leveraged to detect SF medicines. While the Minilab disintegration method has been shown to detect substandard drug substance release, such methods often lack the selectivity of dissolution testing (Sabartova et al. 2011 Minilab analysis types, both TLC and simple disintegration, are destructive. Analysis of a sample generally takes between one to 3 h depending on the proficiency of the user, but samples can be collected in parallel using multiple plates (Risha et al. 2008) . To reduce operator error and improve accuracy, a cradle to hold TLC plates, which interfaces with a smartphone application that uses a quantitative algorithm to analyze spots, is being developed (Yu et al. 2016 ).
Paper analytical device: employing chromatography and wet chemistry
The Paper Analytical Device (PAD) was developed at the University of Notre Dame (Indiana, USA). Twelve lanes on a paper card contain reagents, which react with specific chemical functional groups to produce a color reaction. (Lieberman 2017 ). The sample is applied in a line across the lanes and the card is placed on its edge in water. The water is drawn up the card by capillary action and mixes the reagent with a sample to start 12 color reactions. One lane acts as "timer" to indicate when the card is to be removed from the water. The colors produced and their position within the lanes serve as a "bar code" indicative of functional groups present. This pattern can then be compared to "bar codes" of reference medicines (Weaver and Lieberman 2015; Weaver et al. 2013) . Currently, the PAD can analyze over 60 drug substances. Although the current 12 lane PAD is qualitative, an additional quantitative test card, which aims to quantify ampicillin and amoxicillin and 12 additional antibiotics, is in development (Lieberman 2017) .
No calibration, verification, or system suitability is required prior to using a PAD. Apart from water, no consumables or reagents are needed to perform an analysis. Sample preparation takes less than 5 min while a run takes 3 minutes. Colors develop in a further 3 minutes (see Fig. 4 ) and the test result can be recorded by photographing the PAD. Experienced users can interpret a PAD in less than a minute. The developers of the PAD are also in the process of developing an application to run an image analysis program that automatically analyzes the PAD, removing user subjectivity (Bannerjee et al. 2016) . Individual test cards are single-use, cost USD $1, are seven by 11 cm in size, and can be disposed of along with other non-hazardous waste (Lieberman 2017) . 
PharmaChk: employing Chemiluminescence
PharmaChK is an instrument being developed by researchers at Boston University. Although originally intended to perform field dissolution, it is now being modified to provide quantitative information on the drug substance of interest (Desai 2014; Ho et al. 2015) . 
Guidelines and standards
The absence of guidelines, public information, and standards that describe how to evaluate the suitability of STs contributes to the ineffective utilization of these technologies. Guidelines and standards would be particularly helpful in LMICs where the potential impact of STs is much greater than in high-income countries (Gostin and Buckley 2013; Pribluda et al. 2014 ). Access to guidelines and standards helps users ask the questions that enable them to determine the suitability of a given ST, such as whether an organization can afford the technology, whether the technology can screen medicines of interest, and how costly and difficult it is to train staff? USP has published a proposed general chapter, < 1850> Evaluation of Screening Technologies, for Assessing Medicine Quality (USP 2018), which focuses on providing users with the guidelines and standards they need to address critical questions regarding ST utilization. The General Chapter was developed by a USP expert panel, comprised of professionals from regulatory agencies, the pharmaceutical industry, academia, and non-governmental organizations (USP 2018). Six ST applications are described as they relate to the analysis of pharmaceutical products, i.e. medicines, bulk drug substances, and excipients:
Application I: Verification of packaging, labeling, origin, and appearance Application II: Major component ID Application III: Impuritiy 1 ID Application IV: Major component quantification Application V: Impurity quantification Application VI: Performance characteristics (medicines only) Table 2 builds on this work and lists the different STs discussed in this manuscript and specifies which types of applications are most appropriate for each ST and details the capital investment required to procure them.
(Information not obtained) -Instruments are commercially available, but pricing information could not be obtained.
(Not commercially available) -Instrument not commercially available, as a result, there is no pricing information available.
Future work should focus on the development of more detailed guidelines for the evaluation of all types of ST analyses. In addition, instrument manufacturers can leverage the proposed USP general chapter and future guidelines to improve their offerings. Incorporating PMS needs and perspectives in product design could also lead to more effective use of vibrational spectroscopy. For example, to better enable the use of vibrational spectroscopy for PMS, medicine manufacturers could consider minimizing the interferences, which impede these technologies. The use of colorants and opaque packaging could, for example, be reduced (Vickers et al. 2018 ). Although such product decisions are often necessary for ensuring product quality, these decisions can also be influenced by marketing strategies.
Information
Beyond the need for guidelines on how to evaluate STs is the need for comprehensive and objective information on the capabilities of STs. Several studies have evaluated one specific ST or compared two or three STs side-byside for specific medicines, mostly antimalarials (Batson et al. 2016; Green et al. 2015; Hajjou et al. 2013 ), but there are no detailed, standardized individual, or comparative evaluations of these STs for use in LMICs across multiple medicines. It remains unclear which STs are the most accurate, appropriate, and cost effective depending on the situation and how much training and preparation is realistically required for sustainable use (Fernandez et al. 2011; Hall et al. 2016; Kaur et al. 2016; Nayyar et al. 2015) . For example, NRAs in LMICs do not have resources which describe how all STs available on the market work and why one may be more advantageous than another based on the country's circumstances. Anecdotally, program managers and laboratory staff from the Promoting the Quality of Medicines program have observed some NRAs in LMICs, if they have STs, are obliged to use what is selected or provided by a donor or device manufacturer. Kovacs et al. (2014) described the ability of STs in the field and laboratory to detect SF medicines, and listed each ST's need for electricity, sample preparation, reagents, portability, level of training required, and speed of analysis (Kovacs et al. 2014 ). In addition, all STs are grouped into three categories by cost: USD $10,000, USD $10,000-100,000, and greater than USD $100,000. The paper identified two key issues when examining STs; (1) the unavailability of performance data on and (2) the absence of a reliable standard.
The Lao Oxford Mahosot Wellcome Trust Research Unit recently published a systematic review of established and emerging STs, highlighting available data and identifying gaps in the literature (Vickers et al. 2018) , which included independent evaluations of STs with respect to their field readiness, ability to analyze different medicines, their cost effectiveness, their utility in different areas of the supply chain and their training requirements. The Lao Oxford Mahosot Wellcome Trust Research Unit has also undertaken a project, with funding from the Asian Development Bank, to perform a side-by-side laboratory and field evaluation as well as a cost effectiveness analysis of STs, eight of which are commercially available and three of which are in development (IDDO 2018 (WHO 2017a) . This continued exchange of information and collaboration is important to avoid a duplication of efforts and leverage their respective expertise, resources, and processes. Furthermore, to leverage the momentum of these programs and other activities, resources need to be mobilized to target comparative evaluations of established and emerging STs, which have yet to be evaluated in any forum (Wilson et al. 2017 ).
Deployment
The user-specific deployment of STs requires thoughtfulness, adaptability, and a need to tailor approaches. First and foremost, understanding how, when, and where to use the various STs available is difficult; there is no panacea ST. There are pros and cons to using each technology. For example, challenges with successful implementation of vibrational spectroscopy instrumentation in LMICs stem from developing and maintaining adequate reference libraries and building reliable quantitative models for medicines (IDDO 2018; Vickers et al. 2018) . A challenge in both field and laboratory testing is therefore determining how to combine tests and technologies for detecting SF medicines with maximum efficiency (Batson et al. 2016; Gostin and Buckley 2013; Roth et al. 2018a ). To expect one ST to detect all SF medicines is unrealistic. The deployment of multiple STs is more often the rule than the exception when working to detect SF medicines. A handheld Raman spectrometer can determine if an incorrect drug substance is present in an artesunate injectable sample, while Speedy Breedy can determine it is not sterile.
Secondly, the effectiveness of STs is limited by the effectiveness of the overarching PMS system. Developing and maintaining a functional, sustainable, and risk-based PMS system is one of the core functions of any NRA (Wirtz et al. 2017) . STs are an integral part of these systems but understanding where STs fit into this broader system and how their results should be used is complex and context specific. Answers to these questions depend on many factors, including the size of the NRA and country, the existing PMS system, the capacity of the National Quality Control Laboratory, and the local burden of disease.
Finally, the requirements of a ST vary by type of user. Table 3 compares some of the general parameters and their relative importance across different types of users. An important requirement for a retail pharmacist would be an ST that works through packaging to avoid destroying a medicine and forgoing the associated revenue. Contrastingly, an inspector analyzing bulk material is not concerned about packaging. An inspector's ST does, however, need to be able to identify the drug substance and potentially the proportion of excipients in a bulk mixture.
Any prospective ST user should perform a situational analysis to determine their specific requirements and determine the ST most appropriate for their quality challenge. To do this, ST users can work with domestic, regional, or international counterparts and partners who may have experience working in this field. Regional groups such as the African Medicine Quality Forum (NEPAD 2017) should promote dialogue and exchange information about best practices and experiences. Donors and other key stakeholders also need to mobilize resources to support the evaluation of emerging STs and to support the provision of technical assistance to those seeking to incorporate STs into their PMS systems. 
Conclusion
The march of globalization creates ever increasing complexities in our ability to provide quality medicines as exemplified by the proliferation of SF medicines. SF medicine STs provide affordable, easy to use, and portable tools to address this global healthcare challenge and are revolutionizing the way SF medicines are detected in LMICs. Care must be taken, particularly with chemical analysis STs, to employ robust method development and validation processes. Many data analysis tools are available to leverage the information contained in spectroscopic data to attain the desired level of method performance. A variety of techniques and tailored equipment are also available to the ST analyst, the strengths and weaknesses of which must be considered. Development of public guidelines and standards will enable NRAs to evaluate the suitability of emerging STs. Technical support and local capacity building will expand and accelerate the utilization of STs and promote collaboration and work-sharing among stakeholders facing similar challenges. As STs continue to develop, they will increasingly enable LMICs to combat the preventable but enduring global public health crisis of SF medicines.
Endnotes
1 Impurities refer to minor components of the medicine or drug substance and may be present due to product adulteration, contamination, or degradation. According to compendial methods, impurity specification levels are typically in the range of 0.1-1% of the nominal concentration. 
